Four intragenic suppressors of a mitochondrial mutation in the 21S rRNA gene have been characterized in £_,_ cerevlslae. The determination of the nature of the nucleotide changes in the suppressor strains showed that a T at position 1696 in the large rRNA gene is essential for correct function of the mitoribosome. The importance of this specific nucleotide and the fact that this mitochondrial mutation can also be suppressed by a mutation in a nuclear gene are in good agreement with a rRNA-r protein interaction in this part of domain IV, which functional importance is demonstrated in vivo by our results.
INTRODUCTION
Rlbosomal RNA have been primarily viewed as the structural backbone of the ribosome. Many biophysical and biochemical techniques have been applied to its study, leading to a good knowledge of its spatial architecture (1).
Moreover some RNAs were shown in the past years to have their own catalytic function (2) , and a functional role for the rRNAs has been demonstrated (3).
The relations between structure and function in such complex macromolecules as rlbosomes can also be approached by genetic methods, identifying mutations which affect the structure or/and specific functions of ribosomes. Yeast mitochondria offer an especially favorable tool for this approach because of their unique biological properties (rRNAs are single copy genes and mitochondria -and therefore mitochondrial ribosomes-are dispensable for the cell life).
In previous studies, we have used these properties to select conditional mutations in the mitochondrial ribosomal RNA genes (4) and have genetically characterized them (5).
It is now possible to select revertants from these mutations; they should bring informations on structural and functional interactions within the ribosome: the second mutation could either take place in the rRNA gene as a true reversion or an lntragenlc compensating mutation, or In nuclear genes (coding for rlbosomal proteins or any protein Involved in ribosome function) since mitochondrial ribosome biogenesis depends on both nuclear and mltochondrlal gene products.
The study of reversion mutations has been undertaken for one of our mutants, called cs909: nuclear and mitochondrial revertants have been isolated (6) . In this paper we describe the molecular characterization of four mitochondrial revertants and its bearing on the possible structural alterations in the domain IV of the large rRNA. generating a unique 270 bp fragment which contains the cs909 mutation. This fragment was then cloned in M13 and its nucleotide sequence was determined using the Sanger method (8) with Sequenase (USB).
MATERIALS AND HETHODS

Media
RESULTS AND DISCUSSION
The cs909 mutant strain has a cold-sensitive phenotype on "respiratory medium" (see Materials and Methods) and a normal growth on "fermentable medium': in this mutant strain, mitochondria are therefore not functional at 20[C (restrictive temperature). The defects were found in the mitochondrlal ribosome, the large subunit being not stoechiometrlcally related to the small one (lower amount than normally expected)(9).
The mutation has been localized in the 21S large rRNA gene by "rho" deletion mapping" (4) . When compared to the 21S rRNA gene sequence from the wild-type (10) It must be pointed out that this region of the rRNA has recently been shown in £_,. coll to cross-link to the L2 ribosomal protein (11) . U Is a conservative protein, with a probable role In the peptidyl-transferase center (12, 13, 14) . The Isolation of cs909 mutation is a direct demonstration of the functional Importance of this particular region.
To go further in our understanding of the essential nucleotides in this region and verify the role of T 16g6 , we analyzed the rRNA gene sequence of four altochondrial revertants.
Isolation find description £f £he. revertants
Froa the cs909 mutant strain, cold-resistant revertants were obtained through MnClj mutagenesis (see Materials and Methods). These revertants were all able to grow at 20[C (respiratory medium), although with different growth rates, and were genetically characterized (6). We found one class of revertants due to a recessive nuclear suppressor mutation; the other group origlnaly described as nuclear dominant suppressors, was later shown by 
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cytoduccion to contain mltochondrial mutations. Four of these mitochondrial revertants, R107, R110, Rill, R114, independantly isolated, were further analyzed. Mitochondrial DNA was isolated from each revertant. Previous genetic studies have shown that these suppressor mutations were localized near the cs909 mutation. Therefore, we submitted to nucleotide sequence analysis a 270 bp fragment containing the cs909 mutation.
Molecular nature of the reversion
Three of the revertants, R107, Rill and R114, exhibit a wild type growth, and were supposed to be true revertanta, first because of their phenotype and also because the suppressor and the mutated cs909 allele have not been separated by recombination (see further). In all three cases, the A 1696 reCurned to tne wild-type nucleotide T, while the T 16 g^ did not change in the revertant strains and can then be considered as a silent mutation (see Fig. lc, Id) . It is interesting to note that despite the fact that a C would also stabilize the stem at position 1696, a T was always found at this position in the "true" revertants. As this T is very conserved through evolution at the same position in prokaryotes, mitochondria and chloroplasts, and one base away In eukaryotes -from yeast to mammals-(see Table I ) it is reasonnable to assume that the cs9O9 mutation phenotype is not (only) due to a destabilizatlon of the stem, but that this T residue has a specific role, probably in interaction with a ribosomal protein. This is further suggested by the obtentlon of a nuclear suppressor of the cs9O9 mutation (as discussed later).
The fourth revertant, R110, showed a different phenotype; the growth of this revertant strain on glycerol medium at normal and restrictive temperatures is slower than the wild-type growth. This observation led us to assume that R110 was not a true revertant; therefore, a recombination test was performed to determine how far the suppressor mutation was from the cs909 mutation. In yeast mitochondria, recombination is observed with a rather high frequency (1% recombination roughly corresponds to 100 nucleotldes); when we crossed the revertant strain R110 with a wild-type strain, we observed 0.06% It is Interesting to note that a A at this position is found in all the organisms compared in Table I . We therefore think that this mutation is phenotypically silent.
( by themselves a cold-sensitive phenotype on glycerol medium when separated from the target (cs9O9) mutation. This is a strong argument to postulate that such a suppressor mutation is in a structural gene, the product of which interacts directly with rRNA. In order to identify such proteins, we are currently cloning the nuclear suppressors of the cs909 mutation. Another
Interesting approach would be to construct in vitro the mutation equivalent to cs909 in
